Aim of the study: Recent advances in chemotherapy have increasingly enabled conversion surgery (CS) in patients with initially unresectable pancreatic cancer (PC), but patient selection remains controversial. We examined the characteristics of patients who would benefit from this procedure. Material and methods: The clinical and pathological data of 38 patients with unresectable PC, who underwent CS after a favourable response to chemo(radio)therapy at our institute, were investigated. Univariate and multivariate analyses were performed to identify predictors for overall survival (OS). Several inflammation-based scores, such as the modified Glasgow prognostic score (mGPS), were also evaluated. Results: The patients included 13 with locally advanced disease and 25 with metastatic disease. After non-surgical treatment with a median duration of six months, 27 patients (71%) underwent R0/1 resection, and the remainder underwent R2 resection. The twoyear and five-year OS from the initial treatment for all patients were 64% and 29%, respectively, and the median survival was 29.1 months. Univariate analysis showed that age < 62 years, preoperative CA19-9 decrease rate ≥ 89%, preoperative mGPS-0, and R0/1 resection were related to a favourable OS. R0/1 resection and mGPS-0 were independent prognostic factors according to multivariate analysis. Conclusions: Preoperative mGPS is a potential predictor of survival and can aid selection of patients for whom CS could yield promising prognosis for initially unresectable PC.
The preoperative modified Glasgow prognostic score for the prediction of survival after pancreatic cancer resection following non-surgical treatment of an initially unresectable disease Shinichi Ikuta Pancreatic cancer (PC) is a lethal malignant tumour and has a poor prognosis. According to the latest cancer statistics published in 2018, PC is the seventh leading cause of cancer death in both males and females worldwide, with almost as many deaths (n = 432,000) as cases (n = 459,000) [1] . A projection study estimated that PC would escalate from the fourth to the second leading cause of cancer deaths in the United States in 2030 [2] . Surgical resection remains the preferred treatment option for localised, resectable PC because it offers the only chance for a cure. However, because of the lack of efficient and reliable screening methods for the early detection of PC and the lack of clinical signs and symptoms, except for diabetes development, especially in advanced ages, more than 80% of patients present with advanced locoregional or metastatic disease, which results in low rates of resection and survival [3] .
The cornerstone of treatment for locally advanced or metastatic PC is palliative chemotherapy. Fortunately, recent advances in systemic chemotherapy have led to the selection of patients with unresectable disease where surgery may be potentially indicated. During the last decade, reports of an additional surgery, called conversion surgery (CS), after favourable response to chemotherapy or chemoradiotherapy for initially unresectable PC have been increasing [4] [5] [6] [7] [8] [9] [10] . In several studies, the prognosis of patients who underwent CS was significantly better than that of patients who received non-surgical treatment alone [6, 7, 9] .
Gemcitabine plus nab-paclitaxel and FOLFIRINOX (oxaliplatin, irinotecan, fluorouracil plus leucovorin) are the first-line chemotherapy for unresectable PC [11, 12] . Since 2008, in an appropriate clinical setting, we have conducted modified chemotherapy using gemcitabine in combination with taxane and platinum agents for patients with advanced or recurrent PC. Patients were administered itraconazole (ITCZ), a commonly used antifungal agent that potently inhibits the Hedgehog pathway, P-glycoprotein, and angiogenesis [13] [14] [15] . We previously reported promising results with this intense combination therapy to treat PC patients with metastatic disease [16] . Some initially unresectable PC patients, even those with multiple metastatic lesions, have received tumour resection after down-staging or disease control with chemotherapy at our institute.
While no data regarding the role of CS from randomised trials are available, surgery-combined multidisciplinary therapy may improve outcomes of advanced PC patients. However, determining who might benefit from CS remains controversial because some patients relapse early after CS and consequently have a dismal prognosis. In the present study, we aimed to explore preoperative predictors of survival in patients with unresectable PC, who underwent CS following non-surgical treatment in order to identify the determinant in selecting patients for CS.
Material and methods

Patients and definition of unresectable pancreatic cancer
We enrolled 43 patients with unresectable PC, who had responded well to chemo(radio)therapy and consequently underwent surgical exploration at our institute between February 2011 and June 2018. Five patients who underwent pancreatectomy intending palliative resection were excluded, and finally 38 patients were analysed. At a baseline evaluation, tumour status was assessed using various imaging techniques, including multidetector row computed tomography, ultrasonography, magnetic resonance imaging, and positron emission tomography (PET). Unresectable PC was defined and subclassified as locally advanced or metastatic according to the general rules for the study of pancreatic cancer by the Japan Pancreas Society (seventh edition) [17] as follows: locally advanced was defined as: 1) superior mesenteric vein/portal vein: tumour contact/invasion of 180 or more degrees/occlusion, exceeding the inferior border of the duodenum; 2) superior mesenteric artery, celiac artery: tumour contact/invasion of 180 or more degrees; 3) common hepatic artery: tumour contact/invasion showing tumour contact/invasion of the proper hepatic artery and/or celiac artery; or 4) aorta: tumour contact or invasion. Metastatic was defined as a distant metastasis including peritoneal spread, involvement of para-aortic or extra abdominal lymph nodes, lung, bone, or liver metastasis [17] . Chemotherapy dose reduction and/or dose delay were used as appropriate in response to toxicity. Granulocyte colony stimulating factor was administered according to the general recommendations until absolute neutrophil counts recovered. The tumour response was objectively assessed according to the Response Evaluation Criteria in Solid Tumours (RECIST) version 1.1 [18] .
Combination chemotherapy with itraconazole
Indication of conversion surgery
Surgical exploration was considered according to the following characteristics: 1) administration of chemotherapy for three months or more; 2) primary tumour response of stable disease or better; 3) significant shrinkage or disappearance of metastases without appearance of new lesions; 4) reduction of serum carbohydrate antigen 19-9 (CA19-9), which is the most commonly used biomarker for monitoring therapeutic progress in PC; 5) decrease in the standardised uptake value of [18F] fluorodeoxyglucose by PET; 6) an Eastern Cooperative Oncology Group performance status ≤ 1; and 7) adequate organ function. Specifically, patients with remaining metastatic liver disease after non-surgical treatment were considered for CS if all visible lesions were deemed potentially operable regardless of the size, number, or location of the liver tumours (e.g. wedge resection for superficial lesions and/or thermal ablation for deeper lesions).
Data collection
Clinical and pathological data were obtained from patients' notes and from the oncology database. Using blood data obtained before treatment initiation and within a few days before surgery, several inflammation-based prognostic scores were evaluated to determine predictors of overall survival (OS). No clinical evidence of infection or other inflammatory conditions were documented at the time of blood sampling. The modified Glasgow prognostic score (mGPS) was calculated as follows: patients with a normal albumin level (≥ 3.5 g/dl) and C-reactive protein (CRP) (≤ 0.5 mg/dl) were scored as 0, those with both low albumin (< 3.5 g/dl) and high CRP (> 0.5 mg/dl) were scored as 2, and those with only low albumin (< 3.5 g/dl) or high CRP (> 0.5 mg/dl) were scored as 1 [19] . The neutrophil-to-lymphocyte ratio and the platelet-to-lymphocyte ratio were defined as the ratio of the absolute peripheral blood neutrophil and lymphocyte counts and the absolute platelet and lymphocyte counts, respectively. The prognostic nutritional index was calculated as (10 × albumin) + (0.005 × lymphocyte count). The Clavien-Dindo (C-D) grade classification was used for defining morbidity and mortality [20] . The pathological effect of preoperative treatment was assessed by the Evans grading system [21] . Resection curability was classified as follows: R0, no residual tumour; R1, microscopic residual tumour; R2, macroscopic residual tumour.
Ethics statement
Details of the therapeutic options were given to the patients, and written informed consent was obtained before any treatment was undertaken. This study was approved by the institutional Ethics Committee for a retrospective analysis of the collected data in accordance with the ethical standards of the World Medical Association's Declaration of Helsinki.
Statistical analysis
Quantitative variables were expressed as a median value and range. OS was calculated from the date of treatment initiation to that of death or lost contact with the patient. The median follow-up time was calculated using the reverse Kaplan-Meier method [22] . The time-dependent receiver operating characteristic curve was generated to estimate the optimal cut-off values of quantitative variables for the median OS prediction. The variables were considered valid candidates for survival analysis if the area under the curve was > 0.6 [23] ; the cut-off value was selected according to the maximum sum of sensitivity and specificity. Survival curves were estimated by the Kaplan-Meier method and compared, for univariate analysis, by the log-rank test. Multivariate analysis was performed using the Cox multivariate proportional hazard regression model in a stepwise manner. All statistical analyses were performed with R Statistical Software (Foundation for Statistical Computing, Vienna, Austria), and p < 0.05 was considered significant.
Results
Patient characteristics and non-surgical treatments
The baseline characteristics of 38 patients are summarised in Table 1 . There were 20 male and 18 female patients with a median age of 64 years (range 39-79 years). The reason for unresectability was 13 locally advanced tumours and 25 distant organ metastases. The most frequent metastatic site was liver (n = 17) followed by para-aortic lymph node (n = 5). The first-line chemotherapy other than the ITCZ-containing regimen included combinations of gemcitabine plus nab-paclitaxel (n = 5), gemcitabine plus erlotinib (n = 1), gemcitabine plus S1 (n = 1), gemcitabine alone (n = 1), or FOLFIRINOX (n = 1). Additional radiotherapy to improve local tumour control was administered in five patients with locally advanced PC infiltrating surrounding artery since December 2016. After preoperative treatment with a median duration of six months, serum CA19-9 level decreased from 615 to 74 U/ml, with 61% of patients having > 80% reduction (Table 2) . A radiological response of complete response, partial response, and stable disease was found in 0, 26, and 12 patients, respectively.
Surgical outcomes
A potentially curative surgery was attempted for all patients. The operative procedures included conventional pancreatoduodenectomy (PD) in one patient, subtotal stomach-preserving PD in 20 patients, and distal pancreatectomy in 17 patients. Concomitant major vascular resection was performed in 12 patients, and the details are listed in Table 3 . Three patients required combined arterial and portal resection. Thirteen patients underwent metastatic liver resection, and the most common procedure was a wedge resection. Of these, five patients underwent liver resection alone, and eight patients underwent combined resection and intra-operative ablation for multiple metastatic lesions. Two patients underwent intra-operative ablation alone. Twenty-one (55.3%) patients had an R0 resection, six underwent R1 resection, and the remaining 11 had an R2 resection. There was one in-hospital mortality, where the patient died 62 days after surgery (distal pancreatectomy with celiac-axis resection) because of rapid peritoneal tumour dissemination. Including this 
AUC -area under the curve; mGPS -modified Glasgow prognostic score; NLR -neutrophil-to-lymphocyte ratio; PLR -platelet-to-lymphocyte ratio; PNI -prognostic nutritional index; CA19-9 -carbohydrate antigen 19-9;
NA -not adopted patient, a morbidity of C-D grade ≥ IIIa was observed in 15 patients (39.5%). Pancreatic ductal adenocarcinoma was observed histologically in all patients, except one with locally advanced PC, which showed complete pathological response. A pathological response of Evans grade ≥ III for primary pancreatic tumour was noted in 14 patients (36.8%), and that for metastatic tumour was noted in 12 (70.6%) of 17 patients who underwent metastatic resection.
Survival outcomes and significant predictors of overall survival
During the median follow-up of 39.8 months (95% confidence interval [CI]: 24.6 -unavailable months), 22 (57.9%) patients died, and the median OS was 29.1 months (95% CI: 20-44.2 months). The two-year and five-year OS rates from treatment initiation were 64% and 29%, respectively (Fig. 1) . The median survival after CS was 16.2 months (95% CI: 12.7-28 months) with a two-year survival of 35.9%. Four patients survived longer than five years from treatment initiation, and all of them had received combination chemotherapy with ITCZ as a first-line or second-line treatment. Kaplan-Meier analysis and log-rank test showed that the OS of patients with age < 62 years, preoperative CA19-9 decrease rate ≥ 89%, preoperative mGPS-0, and R0/1 resection were significantly higher than other patients (Fig. 2) . There was no evidence that other factors, including the reason for unresectability (locally advanced vs. metastatic), preoperative treatment duration, RECIST response, inflammation-based scores other than preoperative mGPS, pathological stage, or Evans grade, significantly influenced prognosis (Tables 2, 4 ). In multiple regression analyses, preoperative mGPS-0 (hazard ratio (HR): 0.291, 95% CI: 0.092-0.927, p = 0.037), and R0/1 resection (HR: 0.323, 95% CI: 0.124-0.840, p = 0.021) were independent predictors of favourable OS (Table 4) .
Discussion
The conversion surgery is increasingly recognised as a new therapeutic strategy for initially unresectable PC. When chemotherapy has produced a transient response and curative surgery can be accomplished, CS is occasionally associated with prolonged survival in selected patients [4] [5] [6] [7] [8] [9] [10] . However, because the relevant publications are only from retrospective case series, the survival benefits of CS have not been sufficiently investigated, and no evidence-based recommendation or consensus is available. A multi-institutional prospective observational study to evaluate the safety and efficacy of CS is already ongoing in Japan (Prep-04 study; UMIN000017793).
With intensive chemotherapy, the survival of unresectable PC patients has markedly improved, even in those who did not receive CS. There are reports of clinical outcomes of around 15 months or longer survival time in unresectable PC patients receiving gemcitabine plus erlotinib [24] , gemcitabine plus nab-paclitaxel [25] , or FOLFIRINOX [26] with or without combination of radiotherapy. In a population-based study from Ontario, 12 (8.2%) out of 147 PC patients with locally advanced disease underwent CS after initial chemotherapy including FOLFIRINOX and gemcitabine plus nab-paclitaxel, but CS was not associated with better survival in a multivariable analysis [27] . Thus, CS remains an individual approach for selected patients only, and clarification of the characteristics of patients who would benefit from CS is an important clinical matter.
To the best of our knowledge, this is the first study to show an independent predictive ability of mGPS on the survival outcome in patients undergoing CS. The median OS of patients with mGPS-1 or mGPS-2 preoperatively was 
Months from treatment initiation
Number at risk
Number at risk [28] [29] [30] [31] [32] . In pancreatic cancer, mGPS correlates strongly with prognosis in patients with resectable and unresectable PC [28, 30] . However, in this study, pre-treatment scores including mGPS did not have a significant association with OS. The reason for this was unclear, but preoperative mGPS, which reflects both the residual tumour-related and host-related inflammatory state after non-surgical treatment, may be more useful to guide prognosis than pre-treatment mGPS in patients who are candidates for CS. In a multicentre survey conducted in Japan, more than 240 days of preoperative non-surgical treatment was the only independent factor associated with favourable survival in patients receiving CS, by multivariate analysis [6] . Although we did not find a significant relationship between the duration of preoperative treatment and OS, a longer duration of preoperative treatment may be associated with better patient selection allowing for the identification of progressive disease or poor surgical candidates, and consequently may lead to a better prognosis of patients [6] . However, duration of preoperative treatment is part of the OS from treatment initiation, and in a sense is an outcome rather than a prognostic factor. In addition, patients enrolled in the abovementioned study received gemcitabine-based or S1 chemotherapy between 2001 and 2009 before approval of the use of gemcitabine plus nab-paclitaxel and FOLFIRINOX in Japan. The optimal timing of CS following intensive chemotherapy remains an essential clinical question that needs to be investigated further.
Adding ITCZ to cytotoxic chemotherapy was based on previous reports that indicated that ITCZ enhances the effect of taxanes by inhibiting P-glycoprotein, which has a critical role in chemoresistance [14, 16] . ITCZ is also a potent antagonist of the Hedgehog pathway, which might promote tumorigenesis by signalling in a paracrine manner from the tumour to the surrounding stroma or in cancer stem cells [13] . Inappropriate activation of the Hedgehog signalling pathway has been implicated in the development of several types of cancer, including lung, prostate, breast, pancreas, brain, and skin [33, 34] . Furthermore, ITCZ inhibits endothelial cell cycle progression at the G1 phase in vitro and blocks vascular endothelial growth factor/basic fibroblast growth factor-dependent angiogenesis in vivo [15] . Thirty-eight metastatic PC patients who had a history of progression during or after prior chemotherapy had an additional survival of 11.4 months with ITCZ containing chemotherapy in a second line or more setting [16] (four of those patients underwent CS and were included in this study).
In an analysis of 12 patients undergoing CS, Kato et al. reported in 2011 that there were no five-year survivors in the four patients with metastatic disease, and eight patients with locally advanced disease had a significantly better prognosis than those with distant metastasis [4] . In 2018, Asano et al. from the same institute compared the survival between a locally advanced group (n = 26) and a distant metastasis group (n = 8), and there was a significant difference between the two groups in the generalised Wilcoxon test, but no significant difference was observed in the log-rank test [10] . They suggested that a statistical difference by the log-rank test may become significant if a larger number of patients with metastatic disease were included. Contrary to their results, OS was similar regardless of the presence of distant metastases in the present study. Moreover, all four patients who achieved five-year survival had an initially metastatic disease (two patients each with liver metastases and peritoneal seeding). Our study included more patients with metastatic PC than previous studies on CS and suggests that intensive modified chemotherapy using ITCZ may be effective in eradicating systemic disease.
There were several limitations of this study. First, it was a single-centre study with a small single-arm cohort. Further case accumulation and validation with a large number of cases will be needed to confirm our results. Moreover, to further investigate the role of CS, including the difference between each unresectable factor, it would be better to enrol a control group who responded well to non-surgical treatment but did not have CS. Second, mGPS may change with the timing of the blood test, especially in patients near the threshold boundary, which limits reliable patient stratification. Third, the indication for CS was not strictly controlled because this study was retrospective. Finally, the preoperative treatment regimen varied among patients, and therefore the overall conversion rate was unclear.
Conclusions
The conversion surgery is often a technically challenging and invasive therapy with significant morbidity. In addition, it may not necessarily provide a survival benefit in the era of effective chemotherapy. Our results show that preoperative mGPS after non-surgical treatment can help to identify patients who may have an extended survival with CS-combined multidisciplinary therapy. Further studies are needed to investigate the most appropriate determinant in selecting patients for CS.
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